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réseaux et systèmes distribués
  	
 !"#! 	$%$&'(
) +*%,-.	/.
0214365%78:9;8=< 1 8?>A@
B%CEDGFHCJIK2KML!NPORQ CJSET?UWVXL+SYVXZ?CEL[\]IC^I_W_a`L_WL[+b=c]Id[XL[e=Lfe=DHg?ghLLi[+b?C?hL[XLjIZ=kLV [Xl=[XV+`LKML[	emUn[EVXCEUncoZphL[
B%CED+q^LVrI_sS^\]IdC
t	Id\?\]DHCXV	e=LCEL+SET?LCJSET?Lg
uwvGxHyGvzOR{S^VXDHc?CXLMNj|G|H}ORvH~\]IFHL[
ij]H!gIPKMUsS^CEDG\?CEDmSYL[X[EDGC+bHVXToLpSIHSET?LT?UWV6VEUnK2L%FGLg?LiCJI_W_Wlfe=LiVXLCEKMUWg?L[%VXToLpS^_WD?SECEL+HZ?Lg]S^l=
Z?VDGCVXT?LVXLig_sI[XVlGLjICX[jb]IVEL+SET?g?DG_WDHFGUsSI_VXCELg]e"UW[VET?LUngS^CXL+Id[XL!DdVET?L!SIGSET?L!K2UW[X[\]LgI_WVlUWg
VELCXK2[DdUWg?[XVECXZ]SYVXUWDGgUW[X[XZoLe=Li_Ijl=[j;VXT?Lig:KIUWg=VJIdUWg?Ug?FVXToLSIHSET?LKMUW[X[C^IVEUnD"I[_WDI[\DG[X[EUWc?_WL
UW[I_W[XDD	\]IdCXVEUSYZ?_sICUng=VELCXL[EV+-?DHCILlGL+IdCX[+bVXT?LiCXLT]Id[fcLLg-g=Z?K2LCXDHZ?[f[EVXZ]emUnLi[D?S^Z?[XUWg?F
DHg I._WD¡SIHSXToLT?UWVVXUWKMLToUn_WL2KIUWg=VJIdUWg?UWg?F"_nD¢SIGSET?L"KMUW[E[fC^IVXUWD¤£Pg=DGCEVXZ?gIVXLi_nl¥KMDH[XV!Dd
VET?Lf\oCXDG\DG[EL+e[XDH_WZ?VXUWDGgo[	UWKM\?_WUsS^UWVX_Wl[XZ?\o\]DH[XLVXT]IdVVET?LSIGSET?LUW[¦=UWCXVEZ]I_W_WlMUWg]emL^k?L+e;§AT?LigZ?[XUWg?F
¦=UWCXVEZ]I_W_Wl"Unge=L^k?L+eSIGSET?L[jb%VXT?LDG\LC^IVXUWg?F"[Elw[EVXLK¨DGCKIjl2c]L[XDHKML![E\]L+SYU©;ST]IdCJe=ICEL+ª T]I[VXD
K"Ig]IdFGL	VET?L!S^DGgo[XUW[XVELg]S^l"DSIHSET?L[Idg]e2KMLK2DGCElw
g
VXT?UW[%\]I\LCjbL\?CEDG\DG[XLVET?L«	UWCEL+S^V¬KId\?\L+eQSiS^L[X[­=LV®¬®Id[X[EDmSYUIdVXUW¦GLrT?L+SEfSiIGSET?L¨a«PQ­?rª
DHC!IGe?e=CEL[X[EUWg?F"c]DHVXT:e=U°¯S^Z?_WVXUWL[j!{	g:I"«Q­?r±SIGSET?LHb6VET?LSiIGSET?LMICECJIjl"UW[!e=UWCXL+S^V®¬aK"I\?\L+e"VET?Lg
VET?LSIHSET?L	T?UWV4VEUWKMLUn[_nD!bdc?Z?VId[4VXT?L VJIdFfICECJIjl!UW[4[ELV¬XI[E[XD?S^UsIVEUn¦HLGb VXT?L L^k?VXLCEg]I_;K2UW[X[%CJIdVXUWDUn[VXT?L
[^IKMLI[	VET?LKMUW[X[C^IVXUWD2DpI[XLV®¬®Id[X[XD?S^UsIdVXUW¦GLSIGSET?LH§AT?LgVET?L[XUW²LDpIdg³I[E[XD?S^UsIVEUn¦=UWVle=LFHCXLL
DdVXToL	VJIdFIdCXC^IjlfUW[VXUWL+eVEDfVET?L	K2UWg?UWKZ?K´\IFGL [XUW²LGb?I2µj¶s·^¸¹mºd»s»¼UWg]e=LYkmLjeM«Q­?rASIHSET?L!S^DGCECXL+S^VE_Wl
T]Idg]e=_WL[I_W_½emU¯SYZ?_WVXUWL[	I[E[XD?S^UsIVEL+e2UWVXTSIGSET?LS^DGg?[EUW[XVXLig]S^l=
¾%C^IGS^L!e=CEUn¦HLgM[EUWKZ?_sIVXUWDHg?[%[XT?D¿VXT]IdV+bHDHCpSiIGSET?L![EUn²iL[UWgMVXToLC^Ig?FHLDpNj~j¬X}Gv!À c=l=VXL[Ig]eDGC
S^ZoCXCXLigwVK2UWg?UWKfZ?K¿\]IdFGL[XUW²L UWgVXT?L CJIgoFGL	Ád¬®yHÀ cwl=VEL[+bHZ?[XUWg?FI!«Q­?r-SIGSET?L Un[I¦GI_WZ]Idc?_WLVECJIGemL^¬
DdÂ¤cL+SIZo[XLMUWV!I_W_WD[ aI[EV!SIGSET?L2T?UWVVEUWKMLIg]e._WDÃSIHSXToLKMUW[X[CJIdVXUWD"T?UW_WLSIHSET?LMS^DGgo[XUW[XVELg]S^l
K"Ig]IdFGLK2Lg=V4UW[\LCDGCXK2L+e2c=lMT]IdCJe=ICELG
Ä2Å=Æ;ÇXÈ!ÉGÊ%-SIGSET?L!ToUnVVXUWK2LGbGK2UW[X[CJIVEUWD]b=¦=UWCXVXZI_W_WlfUWg]e=LYkmLjeSIGSET?LHb]SIHSXToLfS^DGgo[XUW[XVELg]S^l
ËsÌÍÎaÏÐ+Ñ ÍÎÒÓWÏÔÕ^Ö
×ØÙÚ;Û]ÜYÝÞÛ]ßÚáàGß^ÝâsÙß^ãäãåÚsæàà=Ü^ÝaâçXèéå	êë6ìí
îWï]ì6êoðsñòë6ó!ô
õ ÚçEö÷GçEøJùáÙäÝÙÚßú û°Ý
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